We investigated hematopoiesis in untreated and ionizing radiation-exposed cyclooxygenase-2-deficient (COX-2 KO) mice. We performed a complex hematological analysis of 16 parameters in untreated COX-2 KO male mice or COX-2 KO male mice irradiated with the dose of 4 Gy of γ-rays and their wildtype littermates. At baseline, hematopoiesis was increased in COX-2-deficient mice, but attenuated by irradation in COX-2-deficient mice compared to wildtype. To conclude, the anti-inflammatory action of the COX-2 genetic disruption plays a positive role in hematopoiesis under basal conditions but is detrimental following radiation exposure.
Introduction
Previously, we tested hematological effects of meloxicam, an anti-inflammatory drug and a selective COX-2 inhibitor (Carrabba et al. 1995) , and we observed stimulation of hematopoiesis and improved post-irradiation survival in meloxicam-treated animals (Hofer et al. 2006 (Hofer et al. , 2008a (Hofer et al. , 2008b (Hofer et al. , 2011 . In this study, we used cyclooxygenase-2-deficient (COX-2 KO) mice for hematological examinations under basal conditions and following radiationinduced myelosuppression. Loss of COX-2 activity in the COX-2 KO mice is chronic, absolute, and selective, while pharmacological COX-2 inhibition is acute, potentially not absolute, and may result in non-selective co-inhibition of cyclooxygenase-1 (Patrignani and Patrono 2015) . This is why an analysis of hematopoiesis in COX-2 KO mice can give new knowledge on the regulatory role of COX-2 in the hematopoietic system.
Methods
Mice: 10-week-old male COX-2-deficent and wildtype littermates on a 129B6F1 genetic background were used (Morham et al. 1995) . The use and treatment of the animals followed the European Community Guidelines. The experiments were approved by the Institute's Ethical Committee.
Irradiation: The mice were whole-body irradiated at a dose rate of 0.34 Gy/min using a γ-ray source ( 60 Co, Chisostat, Chirana, Prague, Czech Republic).
Hematological methods: The animals were anesthetized with an i.p. injection of a Narkamon /Rometar (Spofa, Prague, Czech Republic). The peripheral blood was collected by cardiac puncture. The values of total leukocytes, neutrophils, lymphocytes, erythrocytes, and platelets per 1μl of the peripheral blood, blood hemoglobin level, hematocrit, mean erythrocyte volume, mean erythrocyte hemoglobin, mean erythrocyte hemoglobin concentration, mean platelet volume, and plateletcrit were determined by an Auto Hematology Analyzer Mindray 5300Vet (Shenzen, China). The numbers of femoral nucleated cells were determined by a Coulter Counter (Model ZF, Coulter Electronics, Luton, UK).
Granulocyte-macrophage and erythroid colony-forming cells (GM-CFC and BFU-E, respectively), were assessed using MethoCult M3001 and MethoCult SF M3436, respectively (Stem Cell Technologies, Vancouver, Canada) (for details, see Hofer et al. 2015) .
Statistics: The experiments were performed twice and their results were combined. Statistical significance of the differences between WT and COX-2 KO mice were tested by Mann-Whitney U test.
Results
The values of 16 parameters of the peripheral blood, bone marrow and spleen in untreated COX-2 KO (cyclooxygenase-2-deficient) mice or COX-2 KO mice irradiated with a sublethal dose of 4 Gy of γ-rays, and in WT (wild-type) mice are shown in Table 1 .
It follows from the findings that the genetic disruption of COX-2 has different effects in the hematopoietic system in basal conditions and following exposure to a sublethal radiation dose. In untreated mice, 4 parameters were significantly higher and none were significantly lower in COX-2 KO mice compared to WT mice. In irradiated mice, 4 parameters were significantly lower and of none were significantly higher in COX-2 KO mice compared to WT mice (Table 1 ).
In 14 out of the 16 hematological parameters shown, the values in COX-2 KO mice could be expressed as per cent of those in the WT mice in both the untreated and irradiated animals; blood neutrophils and lymphocytes could not be determined in irradiated mice. In 11 out of 14 parameters accessible in this way, this value in irradiated mice was lower compared to that in the untreated ones (Table 1) .
Discussion
Radiation-induced inflammation is a long known and widely studied phenomenon (Schaue et al. 2015) . The bone marrow radiation syndrome, which has been induced in this study by the dose of 4 Gy of γ-rays, is naturally accompanied by manifestations of an acute inflammation (Casey-Sawicki et al. 2014 ). This communication is the first attempt to use COX-2 KO mice for the evaluation of the effects of COX-2 genetic disruption on hematopoiesis under both basal conditions and following a sublethal radiation exposure. The life-long loss of the COX-2 activity in the COX-2 KO mice should produce a permanent antiinflammatory effect.
These initial results on this topic do not allow for detailed analyses and conclusions. However, a basic inference can be made from the findings obtained: whereas in untreated COX-2 KO mice, the anti-inflammatory effects of chronic COX-2-deficiency positively affect hematopoiesis, the opposite is true in irradiated COX-2-deficient mice. As concerns the postirradiation conditions, the findings in this study differ from those previously obtained following acute pharmacological COX-2 inhibition (Hofer et al. 2006 (Hofer et al. , 2008a (Hofer et al. , 2008b (Hofer et al. , 2011 where stimulation of hematopoiesis was observed following administration of a selective COX-2 inhibitor.
The observed decline in the numbers of hematopoietic progenitor cells in the bone marrow of the irradiated COX-2 KO mice suggests that also numbers of the peripheral blood neutrophils, which are important for the evaluation of the inflammatory status in these animals, should be decreased in the irradiated COX-2-deficient mice. Due to the very low levels of the total blood leukocytes in the irradiated mice, not enabling to determine the neutrophil numbers (see the Legend to Tab. 1), their values, as well as the values of their subpopulations, including neutrophils, will be determined by an other method, e.g. by flowcytometry, in the subsequent study.
To conclude, it seems that radiation-induced inflammation results in stimulation of hematopoiesis in the irradiated mice; consequently, the chronic anti-inflammatory effects of COX-2 genetic disruption in the COX-2 KO mice cause hematopoiesis-suppressing action in the post-irradiation conditions. Further studies are needed to obtain more data on hematopoiesis in radiation-exposed COX-2 KO mice and on how hematopoietic processes in these mice are reflected in their post-irradiation survival. The results of the survival studies should also show whether the expected radiation damage to the gastrointestinal tissues evoked with high radiation doses can be influenced in the COX-2 KO mice in which the production of cyclooxygenase-1, important for the gastrointestinal tract, should be preserved. 
